ABSTRACT: As the common carp Cyprinus carpio and African catfish Clarias gariepinus affect biotic assemblages in aquatic ecosystems through their benthivory, their introduction has been considered an environmental concern. We compare the effects of common carp and African catfish on adjacent trophic level assemblages of plankton, periphyton, benthic macroinvertebrates and native tilapia in a pond ecosystem at the National Aquaculture Center, Zomba, Malawi. Four treatments were involved in the study: ponds with common carp (T1), ponds with African catfish (T2), ponds with both common carp and African catfish (T3), and ponds lacking both common carp and African catfish (T4). In all treatments, the endemic Shire tilapia Oreochromis shiranus was also present as part of the local macrofauna. Results showed that T1 had the most abundant phytoplankton but the lowest periphyton, zooplankton and benthic macroinvertebrate abundance and diversity. T4 had the least phytoplankton but the most abundant and diverse zooplankton, periphyton and benthic macroinvertebrates. There was no significant difference between T2 and T3 (both intermediate to T1 and T4) in terms of phytoplankton, periphyton and benthic macroinvertebrate abundance and diversity. Better water quality regime and increased biomass of native tilapia fish were observed in T3 ponds. We conclude that the farming of common carp in aquatic ecosystems containing African catfish may not adversely affect the environment and that the polyculture of African catfish and common carp can be adopted as a management strategy to mitigate the potential adverse effects of common carp.
INTRODUCTION
Benthivorous fish play an important role in shaping biotic assemblages through trophic effects and sediment resuspension (Nieoczym & Kloskowski 2014) . Different studies have examined the influence of benthivorous fish on biotic assemblages of adjacent trophic levels such as plankton, periphyton and benthic macroinvertebrates, using comparisons of the assemblages with fish density (or presence/absence). Such studies have shown an increase in the abundance of phytoplankton in presence of benthivorous fish (Chumchal & Drenner 2004 ) and a decrease in the abundance of nektonic and benthic macroinvertebrates (Badiou et al. 2011 , Nieoczym & Kloskowski 2014 and periphyton (Tapia & Zambrano 2003) . However, most of these studies have not taken into consideration the comparative effects of multiple different benthivorous fish species on these biotic assemblages. It is reported that effects of benthivorous fish species on biotic assemblages are both ecosystem (Bajer et al. 2015) and species dependent (Rahman 2015) .
The common carp Cyprinus carpio Linnaeus and African catfish Clarias gariepinus Burchell are widely introduced and distributed worldwide (Badiou et al. 2011 , Kadye 2011 . Both of these benthic fishes are reported to cause ecological changes to the biotic assemblages of organisms occupying adjacent trophic levels of the freshwater ecosystems to which they are introduced (Titus et al. 2004 , Kadye 2011 . As these ecological changes have the potential to affect fish production through alterations to the primary production and energy transfer efficiencies, common carp and African catfish are both listed among the world's most harmful alien species (Krishnakumar et al. 2011 , Kulhanek et al. 2011 . Some countries ban the introduction of common carp but grow African catfish (e.g. Malawi; Msiska & Costa-Pierce 1993) . Other countries ban the introduction of African catfish but grow common carp (e.g. India; Dhawan & Kaur 2001) . Countries that ban the introduction of common carp regard the carp as more damaging to aquatic biotic assemblages, whereas countries that ban African catfish consider this species to be more disruptive. The question of whether these 2 benthivorous fishes have similar effects on the abundance and biodiversity of organisms in adjacent trophic levels can aid in decision-making on whether countries are justified in banning one or the other. Very little information is available concerning comparative effects of the non-native common carp and the native benthic fishes on aquatic ecosystems in spite of their similar benthic feeding behaviour (Fischer et al. 2013) . This study evaluates the relative effects of common carp and African catfish on plankton, periphyton and benthic macroinvertebrates in a freshwater pond ecosystem.
MATERIALS AND METHODS

Research design and experimental units
The study was conducted at the National Aquaculture Centre (NAC), Zomba, Malawi (15°17' 0" S, 35°24' 0" E) for 5 mo (June−October 2018). Four treatments were involved; T1: Shire tilapia Oreo chromis shiranus + common carp; T2: Shire tilapia + African catfish; T3: Shire tilapia + common carp + African catfish; T4: Shire tilapia only (control).
Shire tilapia ( locally 'makumba', hereafter referred to as 'tilapia') is a phytophagous tilapia endemic to Malawi and widely distributed in the country's natural waters. As it feeds on phytoplankton, the effects of carp and/or African catfish on plankton and other biotic components may also affect it. The treatments were arranged in a Completely Randomised Design (CRD). Each treatment was replicated 3 times. Ponds were used as experimental units. Results from small-scale aquatic mesocosm experiments spanning a volumetric range of 4 l to whole ponds can be extrapolated to larger, more natural aquatic systems (Spivak et al. 2010) . The treat ments were allocated to ponds using simple random technique. Pre-existing shallow drainable earthen ponds (10 × 20 × 1 m) were used. Before starting the experiment, all ponds were completely drained, cleared of aquatic plants and fish and exposed to the sun for 7 d to dry. After drying, the ponds were filled to 1 m depth with water from Domasi stream through a canal and left to mature for 14 d before stocking them with fish. .7 ± 2.9 TL) were added to the ponds. Carp were added to ponds in T1 and T3 whereas catfish were stocked in T2 and T3 at the same stocking rate (0.3 fish m −2 ), sex ratio (1:1) and biomass (589 kg ha −1 for carp; 588 kg ha −1 for catfish). The stocking biomass used was the maximum natural biomass observed for carp in the wild (Crivelli 1983) . The fishes were not exogenously fed during the experimental period to allow for natural feeding behaviour. Abundance and biodiversity data were collected on plankton, periphyton and benthic macroinvertebrates once every month between 09:00 and 14:00 h on each sampling day. Monthly environmental measurements were conducted on-site for the following water-quality parameters: temperature, pH, dissolved oxygen (DO), Secchi disk depth (Z SD ) and turbidity. A Secchi disk was used to measure Secchi disk depth, whereas the other parameters were measured using portable water quality checkers (Hanna Instruments, models HANNA HI 9146 for DO, HANNA HI 9125 for pH, HANNA HI 99300 for temperature and HANNA HI 98703 for turbidity). Water samples for phosphate (PO 4 3− ) determination were transported to the Central Government Water Laboratory in Lilongwe where the parameter was measured according to standard methods (APHA 2005) . Fish biomass data were collected during harvesting at the end of the experiment. The data were recorded in spreadsheets (Excel 2013, Microsoft) . Mean (± SD) of each parameter was calculated for each treatment.
Fish stocking and data collection
Plankton enumeration
Plankton samples were collected from 4 random stations in each pond, 2 m away from the pond dyke, and homogenized into 1 sample per pond according to APHA (2005) . The samples were collected using a plankton net -a cone-shaped, silk bolted cloth net of fine mesh size (20 µm), 25 cm mouth diameter, 60 cm length, with a 27 ml concentration bottle attached. A vertically integrated water sample was collected at each sampling station by hand-towing the plankton net vertically from about 50 cm deep upwards. The collected plankton samples were transported in 250 ml dark brown glass bottles to the NAC laboratory where they were immediately analysed or preserved in 5% buffered formalin and stored for later analysis. Counting and identification of organisms was done under ordinary light microscope (model XS2-107T) according Lackey's Drop Counting technique (Lackey 1938 ). Plankton were identified to genus level according to Prescott (1977) and APHA (2005).
Chlorophyll a determination
Chlorophyll a (chl a) is an important photosynthetic pigment in phytoplankton communities and a useful estimator of phytoplankton standing crop (Bhalali et al. 2013) . Water samples were collected by using discrete grab sampling technique at 30 cm depth and 2 m away from the pond dyke using a 2 l polythene bottle attached to a bamboo handle (APHA 2005) . The samples were transported to the NAC laboratory in an iced cooler box for immediate processing and analysis. For determination of chl a concentration, samples were shaken and a 60 ml volume of sample water was filtered using a vacuum filtration pump and 47 mm GF/F filter. Thereafter, the filter was pulverized with 90% acetone using a tissue grinder to extract chlorophyll pigment. The resulting mixture was centrifuged at ~1000 × g for 10 min (centrifuge model H-11n) and the supernatant was poured into a glass cuvette with 1 mm light path. The optical density (absorbance) was read at 630, 645, 663 and 750 nm using a Jenway spectrophotometer (model 6300) and results were corrected for phaeopigments by acidification. Chl a concentration (mg l −1 ) was calculated for each pond according to the equation reported in SCOR-UNESCO (1966).
Sampling and enumeration of periphyton
Periphyton was collected by scraping two 1 × 1 cm (i.e. 1 cm 2 ) units from the surface of the bamboo poles at 25, 50 and 75 cm depth using a scalpel blade delimited by a 1 cm 2 template. Bamboo culms (5.5 cm diameter) were procured from a local market and cut into 1.5 m poles which were vertically staked into the ponds to serve as periphyton substrates (Keshavanath et al. 2001) . Five bamboo poles were staked in each pond, 1 pole at each corner of the pond and 1 at the outlet of the pond. One bamboo pole was used for each pond per month. The scraped material from the 3 depths of each bamboo pole was placed on petri dishes, pooled into 2 composite samples. The samples were resuspended in 50 ml distilled water and preserved in 5% buffered formalin in sealed plastic vials. One of the 2 composite samples was used for the count and identification of phytoperiphyton. After thoroughly shaking the vial, a drop was sucked from it with a glass dropper and carefully placed on the microscope mechanical stage. Periphyton was counted by using Lackey's drop counting technique and recorded as mean number of individuals per cm 2 (ind. cm −2 ) for each pond (Lackey 1938 , APHA 2005 , Sontakke & Mokashe 2014 . The periphyton organisms were identified to genus level according to Prescott (1977) and APHA (2005) . The other composite sample was used for periphyton dry matter (DM) determination as an index of total periphyton biomass. Following APHA (2005), the sample was placed on pre-weighed pieces of aluminium foil, dried at 105°C (Isuzu drying oven model AT-E58) until constant weight and kept in a desiccator until weighed using analytical balance (model HR-120, precision 0.1 mg). DM was recorded for each pond as mg l −1 .
Sampling and enumeration of benthic macroinvertebrates
Benthic macroinvertebrates were collected from 3 locations in each pond: the outlet, middle and inlet of the pond. The bottom sediment samples were collected using a Ponar grab sampler (23 × 23 cm) and screened in the field using a set of sieves of mesh sizes 2 mm, 1 mm and 0.5 mm. The organisms re -tained on the sieve were carefully poured into a white enamel tray and sorted with forceps into different groups. The organisms were then carefully placed into labeled wide-mouth plastic containers and preserved in 4% buffered formalin for detailed examination and counting in the NAC laboratory. In the laboratory, samples were washed in a 0.5 mm mesh sieve to remove formalin. Using a binocular dis secting microscope, the organisms were counted and identified to at least order level according to keys of Macan (1959) and APHA (2005) . Mean densities (ind. ml −2 ) of the different taxonomic groups were determined for each pond according to the procedure of Elliott (1977) .
Biodiversity analysis of plankton, periphyton and benthic macroinvertebrates
The analysis of plankton, periphyton and benthic macroinvertebrate biological diversity was focused on the lowest taxonomic level to which the organisms were identified. Magurran (2004) defines biological diversity as consisting of 2 components: the number of taxa (richness) and how equally abundant the taxa are (evenness), both of which are important metrics in the evaluation of habitat integrity. Based on counts data, the Shannon-Wiener biodiversity index (H') was computed using Paleontological Statistics (PAST) software version 3 (Hammer et al. 2001 ).
Statistical analysis
Data exploration and analysis was performed with R (version 3.5.0, R Core Team 2018). A Shapiro-Wilk test was used to test the data for normality whereas a Fligner-Killeen test was used to test the data for homoscedasticity. As most data did not meet the assumptions for the application of ANOVA, the data were tested for significant differences by using the nonparametric Kruskal-Wallis rank sum test (α = 0.05). A significant Kruskal-Wallis test was followed with a non-parametric Dunn's post hoc test for multiple comparisons (α = 0.05). To test for the effects of time and treatment by time interactions, profile analyses were carried out (α = 0.05). A MannWhitney U test was used to test for significant differences of common carp and African catfish biomasses be tween their respective treatments (α = 0.05). . Temperature did not differ significantly between treatments (p > 0.05) ( Table 1) . Other water-quality conditions differed significantly between treatments (p < 0.001), with Secchi disk depth, dissolved oxygen and pH being highest in T4 and lowest in T1. Turbidity and phosphates were highest in T1 and lowest in T4. T3 had water-quality conditions that were intermediate be tween T1 and T4. There were no significant differences between T2 and T3 (p > 0.05) in terms of the water-quality conditions.
Fish biomass
Fish biomass increased for all fish species over the experimental period ( in crease was highest for common carp (69%) and lowest for African catfish (2%) over the experimental period. Tilapia biomass increased by an average of 4% from time of stocking to harvest, with greatest increase recorded in tilapia grown in polyculture with both common carp and African catfish (T3). Biomass of common carp at harvest was significantly lower when it was grown with African catfish than when it was grown separately from African catfish (p = 0.018). On the other hand, biomass of African catfish did not significantly change whether or not it was grown together with common carp (p = 0.174).
Phytoplankton abundance and composition
Principal component analysis (PCA) showed that phytoplankton abundance accounted for 87.37% of the variations in the abundance of zooplankton, periphyton and benthic macro inverte brates. Only 0.0018% of the variations in abundance of zooplankton, periphyton and benthic macroinvertebrates was explained by tilapia biomass, indicating that tilapia did not significantly contribute to variations in these organisms. A total of 1092 individuals of phytoplankton belonging to 21 genera and 4 classes (63.0% Cyanophyceae, 23.0% Chlorophyceae, 13.4% Bacil- Table 1 ). Data are mean ± SE lariophyceae, 0.6% Xanthophyceae) were found at the study site. Mean (± SD) density (ind. l −1
) and biomass (chl a; mg l −1 ) of phytoplankton varied significantly among treatments (p < 0.001), being highest in T1 and lowest in T4 (Table 3, Fig. 1a ). There were no significant differences between T2 and T3 ponds in mean density (p = 0.067) and chl a biomass (p = 0.059). The genera Anabaena and Osci latoria (Cyanophyceae) were the most abundant, accounting for over 40% of the total phytoplankton. They were more dominant in ponds containing benthic fishes and least in ponds lacking the benthic fishes. The least abundant genera were Pinnularia (Bacillariophyceae), Tribonema (Xanthophyceae), Bubo chae te and Ulothrix (Chlorophyceae) and accounted for only 0.2% of the total numerical phytoplankton abundance.
Periphython abundance and composition
Periphyton consisted of 28 genera and 4 classes (59% Cyanophyceae, 24% Chlorophyceae, 16% Bacillario phyceae, 1% Xanthophyceae). Mean (± SD) density (ind. cm ) of periphyton varied significantly between treatments (p < 0.001), with T4 ponds having the highest periphyton density and DM biomass, and the least in T1 (Table 3, Fig. 1b ). There were no significant differences between T2 and T3 in terms of periphyton density (p = 0.150) and DM biomass (p = 0.370). The genus Phormidium (Cyanophyceae) dominated the periphyton population, accounting for 37% of the total periphyton number and was present in all experimental ponds. Genera Tolypothrix (Cyano phy ceae), Staurastrum (Chlorophyceae) and Tribonema (Xanthophyceae) were the least abundant, making up only 0.1% of the total periphyton population. Generally, Cyanophyceae dominated T1, T2 and T3 ponds.
Zooplankton abundance and composition
Zooplankton assemblage comprised 20 genera and 3 major groups (50% rotifers, 27% copepods, 23% cladocerans). Mean (± SD) zooplankton density (ind. l −1 ) varied significantly between treatments (p < 0.001), with T4 ponds having the most abundant zooplankton, followed by T2, T3 and T1 (Table 3 , Fig. 1c ). There were no significant differences between T1 and T3 in terms of zooplankton density (p = 0.210). The genera Kera tella and Synchaeta (rotifers) were the most abundant in all ponds, accounting for 17 and 16%, respectively, of the total number of zooplankton. The least abundant genera, constituting only 1% of total zooplankton, included the rotifer Brachionus, copepod Meso cyclops and cladocerans Polyphemus and Penilia.
Benthic macroinvertebrate abundance and composition
Benthic macroinvertebrates consisted of 9 families and 4 classes (68% Insecta, 16% Hirudinea, 12% Gastropoda, 4% Oligochaeta). Density (ind. cm Table 3 . Abundance and biodiversity of plankton, periphyton and benthic macroinvertebrates (Kruskal-Wallis H-values and mean ± SD) in experimental ponds under different treatments (see Table 1 ). DM: dry matter; H': Shannon-Wiener diversity index. Superscripts with the same letter in a row indicate no significant difference at α = 0.05 tween treatments (p < 0.001), with T4 ponds having the highest, and T1 ponds the lowest mean density (Table 3 , Fig. 1d ). There was no significant difference in density of benthic macro inverte brates be tween T2 and T3 (p = 0.143). Chironomids were the most abundant, accounting for 25% of the total number of benthic macroinvertebrates recorded. Alderfly nymphs (Megaloptera) were the least abundant, constituting only 1.2% of all benthic macroinvertebrates recorded.
Biological diversity of plankton, periphyton and benthic macroinvertebrates
Shannon-Wiener diversity index (H ') was computed for plankton, periphyton and benthic macroinvertebrates (Table 3) . Biodiversity values ranged from 1.5 to 1.9 for phytoplankton, 1.75 to 2.26 for periphyton, 1.52 to 2.45 for zooplankton and 1.15 to 2.14 for benthic macroinvertebrates. H ' values were highest in T4 and lowest in T1 ponds (p < 0.001) for phytoplankton, periphyton, zooplankton and benthic macroinvertebrates (Table 1) . There were no significant differences in H ' values between T2 and T3 ponds for phytoplankton (p = 0.115), periphyton (p = 0.075) and benthic macroinvertebrates (p = 0.107). There was no significant difference in H ' values between T1 and T3 for zooplankton (p = 0.094).
Temporal effects
Treatment had significant effect on the abundance of phytoplankton (p < 0.001), periphyton (p = 0.016), zooplankton (p < 0.001) and benthic macroinvertebrates (p < 0.001) (Table 4) . However, time (month) did not significantly affect the abundance of phytoplankton (p = 0.114), periphyton (p = 0.097), zooplankton (p = 0.103) and benthic macroinvertebrates (p = 0.192). In addition, the effects of time and treatment interactions on the abundance of these organisms were also not significant (p > 0.05), indicating that there was no evidence that the effects of treatment depended on time. Thus, only the effects of treatment on periphyton, plankton and benthic macroinvertebrates were analyzed further and discussed.
DISCUSSION
Water-quality conditions measured in the experimental ponds were typical of water bodies containing common carp and African catfish (Chumchal & Drenner 2004 , Kadye 2011 ). Higher turbidity and phosphate concentration, accompanied by low Secchi disk depth, in ponds with common carp than in ponds with African catfish indicated that carp caused greater sediment resuspension than African catfish. Phosphates are important nutrients in freshwater bodies and their availability in the water column caused by benthic foraging activity of fish has been associated with increased abundance of phytoplankton, which is food for phytophagous fish such as tilapia (Badiou et al. 2011) . However, when common carp biomass exceeds a threshold of 500 kg ha −1 , tilapia growth is impaired due to excessive sediment resuspension (Lougheed et al. 1998) . The increase in tilapia biomass was low in ponds with common carp and ponds without carp and catfish, but was greatest in ponds where the tilapia was grown in polyculture with both common carp and African catfish. Rahman (2015) suggests that when common carp is reared together with a stronger and more aggressive benthivorous fish, its ability to resuspend sediment is reduced and just enough nutrients and sunlight are available in the water column to promote primary production. Turbidity and phosphate content in ponds containing both carp and African catfish (T3) were lower than in ponds with carp without African catfish (T1) although they were higher than in ponds without either carp and African catfish (T4).
Plankton, periphyton and benthic macro invertebrate abundance, composition and di versity varied significantly between treatments (p < 0.001). PCA showed that 87.37% of the variations in zooplankton, periphyton and benthic macroinvertebrates was explained by phytoplankton density. This is not sur- Table 4 . Treatment and time effects on the abundance of plankton, periphyton and benthic macroinvertebrates under different treatments prising considering that phytoplankton is the basis of food chains in aquatic ecosystems (Bhalali et al. 2013) . Although tilapia is phytophagous (Das et al. 2012) , its density accounted for a negligible 0.0018% of the changes in plankton, periphyton and benthic macroinvertebrates.
Phytoplankton abundance was higher in ponds containing common carp and African catfish than in control ponds lacking these benthic fishes. These findings were similar to those of Chumchal & Drenner (2004) , who observed that mesocosms containing common carp had increased phytoplankton abundance compared to mesocosms where carp was absent. Kadye (2011) reported that phytoplankton biomass increased in aquatic ecosystems containing African catfish relative to water bodies where the species was not present. Through sediment resuspension, benthivorous fish increase turbidity and nutrients in the water column (Volkenborn et al. 2007) . In turn, the nutrients stimulate phytoplankton growth, with the potential to cause algal bloom when in excess (Badiou et al. 2011 ). Higher abundance and lower diversity of phytoplankton was recorded in T1 ponds compared to T2 ponds. This reflects differences in sediment resuspension capabilities be tween these 2 benthic fishes. Common carp has been reported to cause greater sediment resuspension than many other fishes (Cline 1969 , Parkos et al. 2003 , Fischer et al. 2013 .
Periphyton, zooplankton and benthic macroinvertebrates were most abundant and diverse in control ponds lacking the benthic fishes and least abundant and diverse in ponds containing common carp. Tapia & Zambrano (2003) also found that periphyton abundance and diversity was depressed in presence of common carp. Bajer et al. (2009 ), Badiou et al. (2011 and Nieoczym & Kloskowski (2014) observed that zooplankton and benthic macroinvertebrate abundance and diversity were depressed in presence of common carp. Elevated turbidity and phytoplankton density in ponds with common carp suppress periphyton by shading light penetration in the pond (Badiou et al. 2011 , Mischke 2012 . In addition, turbidity reduces zooplankton's and benthic macroinvertebrate's visual ability to identify prey items and mates (Matsuzaki et al. 2009 ). Turbidity also clogs the respiratory apparatus of fish and gill-breathing zooplankton and smothers eggs of fish and benthic macroinvertebrates (Badiou et al. 2011) . Predation by fish is another cause of abundance and biodiversity losses in zooplankton and benthic macroinvertebrate communities (Miller & Crowl 2006) . Common carp primarily feeds on benthic macroinvertebrates but switches to zooplankton feeding when displaced from its benthic to limnetic feeding niche by a more aggressive benthic fish (Rahman 2015) . This possible shift in carp's feeding niche could be the major reason for the lack of significant difference in abundance and biodiversity of phytoplankton, periphyton and benthic macroinvertebrates between ponds containing African catfish and those stocked with both common carp and African catfish.
Loss of submerged vegetation such as periphyton and submerged macrophytes due to light shading has also been implicated in the reduction of zooplankton and benthic macroinvertebrate abundance and biodiversity due to loss of habitat (Mischke 2012) . Furthermore, the filamentous blue-green algae that dominated ponds stocked with benthic fishes, particularly common carp, are not readily edible by zooplankton, and they produce cyanotoxins which are toxic to fish, zooplankton and benthic macro invertebrates (Dawah & Gomaah 2005) . De com po si tion of dead blooms of cyanophyceae in ponds containing common carp consumes dissolved oxygen, creating inhospitable conditions for most zooplankton and benthic macroinvertebrates (Goto et al. 2012 , Eng ström-Öst et al. 2015 .
CONCLUSIONS
Both common carp and African catfish caused alterations in the abundance and biodiversity of plankton, periphyton and benthic macroinvertebrates in the freshwater pond ecosystem. Phytoplankton abundance increased, whereas the abundance of periphyton, zooplankton and benthic macroinvertebrates decreased, in presence of carp and African catfish. Further, the biodiversity of plankton, periphyton and benthic macroinvertebrates decreased. These effects are thought to be mediated mainly through sediment resuspension by the benthic fishes as they stir the mud on the bottom of the aquatic ecosystem during their feeding activity. Predation by benthic fishes on zooplankton and benthic macroinvertebrates might also have been important. Raised in separate fish ponds, common carp increased phytoplankton abundance but decreased the abundance of periphyton, zooplankton and benthic macroinvertebrates more than African catfish. Interestingly, when common carp was raised together with African catfish in the same pond, its ability to alter water quality and the abundance and biodiversity of phytoplankton, periphyton and benthic macroinvertebrates was diminished. However, zooplankton abundance and diversity de creased remarkably in these ponds. Thus, the addition of common carp to an ecosystem containing African catfish can decrease zooplankton abundance and diversity but may not significantly affect water quality or the abundance and biodiversity of phytoplankton, periphyton and benthic macroinvertebrates; in addition, it can lead to an improvement of the tilapia yield. We conclude that (1) the adoption of tilapia + common carp + African catfish poly culture is a good aquaculture management strategy to maximize pond fish production and mitigate the adverse effects of carp on water quality, abundance and diversity of phytoplankton, periphyton and benthic macroinvertebrates, and (2) the farming of common carp in ecosystems where African catfish naturally occurs is unlikely to adversely affect water quality, native fish, phytoplankton, periphyton and benthic macroinvertebrates.
